1. Introduction {#s0005}
===============

Cancer arises due to the abnormal cells behavior, such as it goes under uncontrolled cell differentiation and rapid cell profilation. It can move away from its origin to other parts of body via blood and lymphatic system ([@b0100], [@b0055]). Normal cells become cancerous, when a wide array of mutations is accumulated in the cell system or DNA repair system is unable to overwhelm these potential mutations. In cancerous cells, generally proto-onco genes, tumor suppressor genes and genes that are part of DNA repair machinery are normally mutated ([@b0075]). Most often changes in tumor suppressor genes like P53 and Ras are associated with the development of different malignant cancers ([@b0090]). The major carcinogenic factors that may contribute to the progression of cancer are increased consumption of tobacco, alcohol, rich calorie food, hypertension, viral and bacterial infections, toxic environmental pollutants and loss of physical activity ([@b0010]), thus a change in life style may also be considered as an important factor responsible for reducing the risk of cancer development.

Nowadays, chemotherapy is considered as the most promising, effective and frequently used therapy for the treatment of different types of life threatening cancers, all over the world. It has been suggested that most of the chemotherapeutic drugs kill the cancerous cells by producing reactive oxygen species (ROS) as a part of their mechanism of action but now it is believed that it also destroys the normal cells ([@b0120]). So, these ROS producing chemotherapeutic drugs increase oxidative stress in normal cells that are associated with a diverse array of toxicities. Chemotherapy related ocular toxicities that are from mild ocular changes to severe sight threatening complications are frequently observed by ophthalmologists, and if these are not treated in time they can cause irreversible blindness. Human eye is equipped with an efficient antioxidant defense system containing superoxide dismutase, catalase, glutathione peroxidase, glutathione reductase and non-enzymatic antioxidants such as vitamin C, vitamin E, vitamin D and glutathione to neutralize the reactive oxygen species and a well maintained system of ocular barriers prevents the entry of toxic agents ([@b0030], [@b0065]). One of the possibilities is that drugs cross ocular barriers and may overwhelm the natural antioxidant defense mechanism. Inflammation and oxidative stress are associated with increase in vascular permeability of blood retinal barrier for the passage of drugs that are unable to penetrate in normal situation ([@b0095]). Chemotherapeutic drugs are metabolized in liver and excreted by kidney and in case of renal or hepatic dysfunction, their concentration increases in the systemic circulation ([@b0150]). Lipophilic drugs mostly bind to melanin, which acts as a ROS neutralizer. Their prolong binding may produce drug induced toxicity in different melanin containing ocular tissues ([@b0080]).

In eyes, oxidative stress is associated with the progression of various ocular pathologies such as macular degeneration, cataract, glaucoma, optic neuropathy and diabetic retinopathy ([@b0050]). Oxidative stress enhances the production of pro-inflammatory cytokines by activating MAPK signaling pathways, stimulating transcription factors such as NF-KB and AP-1 which in turn activate the expression of different pro-inflammatory cytokine genes such as TNF-α, IL-1, IL-6 and IL-10 ([@b0110], [@b0015]). Higher level of TNF-α is also involved in the up-regulation of matrix metallo-proteinases (MMPs) by activating nuclear transcription factors, AP-1 and NF-kB in keratinocytes. The aims and objectives of the present study were to assess the diagnostic factors associated with anti-oxidative status and expression of matrix metallo-proteinases in patients with ocular disorders induced by cancer therapy.

2. Materials and methods {#s0010}
========================

The study was conducted at the Institute of Molecular Biology and Biotechnology (IMBB), The University of Lahore. Fifty patients (n = 50) with glaucoma, macular degeneration, optic neuropathies, vascular retinopathies, uveitis, retinitis pigmentosa, pterygium and cataract when they were treated with traditional chemotherapeutic drugs and compared them with a control group comprising of twenty (n = 20) healthy persons.

2.1. Inclusion criteria {#s0015}
-----------------------

Patients with glaucoma, macular degeneration, optic neuropathies, vascular retinopathies, uveitis, retinitis pigmentosa, pterygium and cataract were substituted in the study.

2.2. Exclusion criteria {#s0020}
-----------------------

Patients with Diabetes, HIV and any other congenital diseases were excluded from the study.

2.3. Blood separation {#s0025}
---------------------

Five mL of blood was collected from the affected and healthy individuals were taken and stored at −20 °C after centrifugation for 15 min at 4000 rpm for further biochemical analysis. This study was approved by local Ethics Committee of the University of Lahore (UOL).

2.4. Biochemical analysis {#s0030}
-------------------------

Determination of enzymatic antioxidants like SOD, catalase, GPx and GPr in the serum of cancer patients were determined following the methods described by [@b0085], ([@b0005], [@b0160], [@b0070]) respectively, non-enzymatic antioxidants like GSH, vitamin A, C and E were appraised following [@b0125], ([@b0020], [@b0045], [@b0145]), while stress parameters like NO, MDA, TNF-α and MMP-9 were assessed by the Griess reagent, [@b0130], human TNF-alpha ELISA kit (Diaclone, France) and human Matrix Metalloprotinase-9 (MMP-9) ELISA kit (GSCIENCE, USA).

2.5. Demographic data {#s0035}
---------------------

All patients had ocular morbidity in at least one of their eyes. Leading cause of the disorder remained presbyopia and effect of the disease increases in age above 35. Other causes of OM affected lens and conjunctiva. No Association could be seen in between educational attainment, employment and OM. Demographic data in patients with ocular morbidity receiving chemotherapy has been depicted in [Table 1](#t0005){ref-type="table"}.Table 1Demographic data in patients with ocular morbidity receiving chemotherapy.Ocular morbidityChemotherapeutic agent(n = 100)Chemotherapeutic exposureRoute of administrationCataract5-Fluorouuracil\
Cisplatin163IntravenousGlaucomaMethotrexate\
Carmustine154IntravenousBlepharitisInterferon\
Tamoxifen023IntravenousRetinitis PigmentosaTamoxifen317IntravenousMacular DegenerationCisplatin185IntravenousRetinal DegenerationCarmustine162IntravenousCorneal OpacityCytosine Arabinoside\
5-Fluorouuracil024Intravenous[^1]

2.6. Statistical analysis {#s0040}
-------------------------

The study design was a prospective case control and the data for all stress parameters in the serum of cancer patients were statistically analyzed using independent *t*-test SPSS version 16. All results were expressed as mean ± standard deviation. The results were considered statistically significant if their *P*-value was less than 0.05.

3. Results {#s0045}
==========

The cancer patients diagnosed with different types of cancer were treated with traditional chemotherapeutic drugs such as alkylating agents, anti-metabolites, taxanes, anthracycline etc. These patients were with different types of ocular disorders during or after treatment as cytotoxic effects of drugs. Increased levels of oxidative stress markers or decreased levels of enzymatic or non-enzymatic antioxidants in the serum of patients with different ocular disorders indicate increasing oxidative stress. The concentration of SOD (0.356 ± 0.05 μg/dl) was significantly lower as compared to that (1.09 ± 0.03 μg/dl) in the controls as shown in [Table 2](#t0010){ref-type="table"}. The level of catalase in the cancer patients (1.26 ± 0.01 μmol/mol of protein) was significantly (*P* = 0.015) lower as observed in the normal group (3.99 ± 0.04 μmol/mol of protein). The levels of GPx (0.06 ± 0.01 mmol/dl) in the cancer patients much lower than those in the controls (0.78 ± 0.06 mmol/dl). The levels of GPr were non-significantly lower in the patients (1.26 ± 0.002 μmol/ml) than in the control group (1.35 ± 0.035 μmol/ml) ([Table 2](#t0010){ref-type="table"}). Their lower levels were associated with increasing oxidative stress parameters in the diseased persons. Human ocular tissues are equipped with non-enzymatic antioxidants, helping in scavenging reactive oxygen species, but in diseased condition perhaps due to inadequate antioxidants they are unable to neutralize the increasing concentration of free radicals. Lower level of GSH (0.96 ± 0.003 μg/dl) in the serum of the diseased group was observed that shows the impaired levels of thiol group which is important in maintaining glutathione redox homeostasis under normal conditions. The level of vitamin A was lower in the systemic circulation of the cancer patients (109.99 ± 6.35 μg/ml) than in the control subjects (166.35 ± 14.26 μg/ml) ([Table 2](#t0010){ref-type="table"}). The low concentration of vitamin A was found to be associated with increasing oxidative stress in the patients. Significantly (*P* = 0.036) lower levels of vitamin C (1.26 ± 0.36 μg/ml) were observed in the patients as compared that in the healthy subjects (3.25 ± 0.099 μg/ml). The activity of vitamin E was significantly (*P* = 0.015) lower in the patients receiving chemotherapeutic drugs (1.29 ± 0.191 μg/ml) than in the healthy ones (6.354 ± 2.26 μg/ml). The concentration of nitric oxide was significantly higher in the cancer patients (45.26 ± 6.35 ng/ml) than that in the normal persons (16.35 ± 3.26 ng/ml). The concentration of nitric oxide increased due to increased expression of iNOS, and mRNA that was associated with increasing concentration of inflammatory cytokines by activating the transcription factor NF-κβ. It is also an important mediator of increasing oxidative stress by upregulating reactive oxygen and nitrogen species contributing to progression of a wide array of mild to severe sight threatening disorders. The higher concentration of MDA (8.65 ± 3.26 nmol/ml), the indicator of lipid peroxidation was observed in the patients than that in the normal ones (1.254 ± 0.065 nmol/ml). TNF-α, a pro-inflammatory cytokine and important mediator of inflammation, usually elevates in chronic inflammatory eye diseases. It is a multipotent molecule in diseased conditions, associated with upregulation of MMP-9, mRNA of iNOS, and has a role in ROS production. The level of *TNF-α* was significantly (*P* = 0.043) higher in the chemotherapy treated patients (32.68 ± 4.33 pg/ml) than in the controls (20.979 ± 1.98 pg/ml). In the current study, significantly higher concentration of MMP-9 (40.26 ± 3.26 ng/ml) was observed in the cancer patients than that in the control subjects (7.256 ± 1.95 ng/ml). MMP-9 is an angiogenic factor that may also increases the concentration of inflammatory cytokines which in turn enhances the oxidative stress by producing reactive oxygen species. MMP-9 is considered as a stress stimulus and its chronic levelsare associated with increased pathogenesis of different vascular sight threatening diseases and if not treated in time it may cause irreversible blindness.Table 2Levels of different variables in the serum of cancer patients undergone chemotherapy and healthy persons.VariablesControlPatients*P* \< 0.05Vit. A (µg/ml)166.35 ± 14.26109.99 ± 6.350.0325Vit. E (µg/ml)6.354 ± 2.261.29 ± 0.1910.015Vit. C (µg/ml)3.25 ± 0.0991.26 ± 0.3560.036MDA (nmol/ml)1.254 ± 0.0658.65 ± 3.260.011GPx (mmol/dl)0.780 ± 0.0560.065 ± 0.00650.0015GRr(µmol/ml)1.35 ± 0.0351.265 ± 0.00160.065GSH (µg/dl)7.26 + 1.400.956 ± 0.00250.014SOD (µg/dl)1.09 ± 0.0250.356 ± 0.04580.0035CAT (µmol/mol of protein)3.995 ± 0.351.26 ± 0.0110.015NO (ng/ml)16.35 ± 3.2645.26 ± 6.350.0329TNF-α (pg/ml)20.979 ± 1.9832.68 ± 4.330.043MMP9 (ng/ml)7.256 ± 1.9540.26 ± 3.260.003[^2]

4. Discussion {#s0050}
=============

The present study shows that the lower concentrations of antioxidants and higher levels of oxidative stress markers i.e. nitric oxide (NO) and malondialdehyde (MDA), and inflammatory markers (TNF-α and MMP-9) were observed in the serum of chemotherapy receiving cancer patients. All of thesemay develop ocular diseases by activating processes of neo-vascularization. Systemic anticancer drugs produce reactive oxygen species (ROS) that activate multiple stress related signaling pathways including inflammation and activation of Ca-dependent MMPs that are involved in the pathophysiology of different eye diseases such as cataract, pterygium, macular degeneration, glaucoma, retinitis pigmentosa, uveitis and proliferative retinopathy ([@b0040]).

It has been suggested that chemotherapeutic treatment increases the oxidative stress by enhancing the production of ROS/RNS or by decreasing thelevels of antioxidant molecules in multiple organs which may cause organ related toxicity ([@b0165]). It has been also shown that the levels of oxidants/antioxidants were disturbed in the serum of the patients undergoing these chemotheraputic drugs (bleomycin, vinblastine, adriamycin and dacarbasine) ([@b0155]). High doses of cyclophosphamide, vincristine and adriamycin in combination resulted in increased concentration of NO and MDA while reduced the level of total antioxidant capacity in serum ([@b0060]). The current study has also shown theup-regulation of stress markers and downregulation of antioxidant parameters in the serum of the patients receiving chemotherapy. It has been reported that oxidative stress may be a major factor in inducing chemotherapy related mild anemia, fatigue, loss of hairs, vomiting, nousea, mouth sores and diareheato severe organ toxicities such as cisplatin induced ototoxicity, neuropathy and renal failure, doxorubicin-paclitaxel induced cardiomyopathy and taxan induced neuropathy asobserved in different studies ([@b0135], [@b0025]).

TNF-alpha (TNF-α), amacrophage/monocyte derived multi-functional pro-inflammatory cytokine and an important mediator in ROS generation is shown to increase the concentration of TNF-α by activating NF-Kβ which in turn upregulates the expression of ROS and iNOS through activating c-JunN-terminal kinase (JNK) and NF-Kβ ([@b0035], [@b0105]), also shown in [Fig. 1](#f0005){ref-type="fig"}. So, ROS can activate pro-inflammatory cytokine genes through the activation of transcription factor NF-Kβ and is associated with pathogenesis of different eye diseases. TNF-α and ROS upregulate the concentration of MMP-9 through phsphorylation of mitogen activated protein kinases (MAPK) which in turn activate the NF-KB ([@b0140]). ROS can activatethe expression of MMP-9, an angiogenic factor through the activation of transcription factor AP-1 and can cause retinal degeneration by destroying retinal ganglion and retinal pigment epithelial cells. It has been suggested that elevated levels of phosphosylated JNK, P38 MAPK, ERK1/2 were associated with upregulated levels of IL-1β, TNF-α and MMP-9 in corneal, conjunctival epitheliumand in tear fluid, as represented in [Fig. 1](#f0005){ref-type="fig"}. Upregulated levels of MMPs ([@b0055], [@b0065], [@b0095], [@b0110], [@b0015]). and downregulated levels of TIMP1 and TIMP2 were detected in both cancer and cataract patients ([@b0115]). It has been demonstrated that the higher quantity of MMP-9 was examined in both posterior and anterior segments of eye after experimentally induced retinal reperfusion injury but the levels of TIMP 1 and 2 remained unchanged ([@b0170]). Thus, use of TIMP 1 & 2 or MMP-9 inhibitors can prevent corneal injuries. So, a vicious cycle of ROS induced oxidative stress, inflammation and MMP-9 were involved in the development of various ocular diseases.Fig. 1Chemotheraputic drugs when enter in living cell, it can up-regulate the levels of reactive oxygen species (ROS), which in turn phosphorylate different stress related MAPKs. These MAP kinases up-regulate the levels of pro-inflammatory cytokines such as TNF-α, IL-1, IL-6 and IL-10. Similarly, TNF-α when bind to its receptor TNFR1 it may up regulate both mRNA of MMP9 and inflammatory iNOS through phosphorylating different MAPKs, JNK, ERK1/2 and P38MAPK through activating nuclear transcription factors that are NF-Kβ, AP-1 and ATF-2. Inducible nitric oxide synthase increases concentration of nitric oxide to chronic level under pathological condition. Nitric oxide will react with super oxide anion and form peroxynitrite ONOO, which in turn increase the oxidative stress associated toxicity in multiple organs. Abbreviation: MMP9: matrix metalloproteinase 9, TNF-α: tumor necrosis factor-alpha, ROS: reactive oxygen species, iNOS: inducible nitric oxide synthase, O^−^2: superoxide anion, P^38^MAPK: P38 mitogen activated protein kinase, JNK: c-Jun N- terminal kinases, ERK1/2: extracellular signal-regulated kinases, AP-1: **activator protein 1. ATF-2: activating transcription factor**-2.

5. Conclusion {#s0055}
=============

The present study concludes that chemotherapy may increase the oxidative stress by elevating the concentration of *TNF-alpha* and MMP-9 that may develop different ocular complications which should be treated in time to avoid irreversible blindness. Regular examination should be done during and after the process of therapy. Moreover, the use of antioxidants, anti-TNFα inhibitors, inhibitors of MMP-9 and anti-VEGF may be useful in the development of novel therapeutic approches that are relevant for the management of cancer therapy inducing ocular complications. But further studies and clinical trials are required to investigate the exact mechanism involved in the pathogenesis and progression of chemotherapy associated ocular adverse effects.
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[^1]: Table showing different type of ocular morbidity along with their thareuptic approach with different chemotherapeutic agents. Diagnosed cases of ocular morbidity patients such as cataract were administered 5-Fluorouuracil Cisplatin, Glaucoma were given Methotrexate carmustine, Blepharitis were provided with Interferon Tamoxifen, Retinitis Pigmentosa were treated with Tamoxifen, and Macular degradation were give Cisplatin intravenously. While patients of Retinal Degradation and Corneal Opacity were treated with Carmustine and Cytosine Arabinoside 5-Fluorouuracil respectively by I.V line.

[^2]: All data were statistically analyzed as mean ± SD. Results are significant at *P* ≤ 0.05.
